
Eksergi, Vol. 20, No. 03. September 2024 

68 
https://jurnal.polines.ac.id/index.php/eksergi  
Copyright © EKSERGI Jurnal Teknik Energi  
ISSN 0216-8685 (print); 2528-6889 (online) 

Case Study on Energy Strategy Concerning Santa 
Ana Wind Activity Triggering Fires in Southern 

California 
 

Bah Evan*(1), Luqman Al Huda (1), Dianisa Khoirum Sandi (1), Yusuf Dewantoro Herlambang(1), Eri Prihatmini(1), Vita Ayu Aspriyanti(2) 
1 Department of Mechanical Engineering, Politeknik Negeri Semarang, Semarang, Indonesia 

2National Taipei University of Technology, Taipei, Taiwan  
Email address : *bah.evan@polines.ac.id 

Abstract— Santa Ana winds, which are characterized by 
their scorching, arid, and forceful surges, significantly 
exacerbate wildfire hazards in Southern California, extending 
to 23,000 ha, particularly in the Los Angeles region. The purpose 
of this study is to examine the correlation between 
anthropogenic influences and natural climatic phenomena, with 
a specific focus on the influence of regional energy policies on 
the frequency and intensity of wildfires. The interaction between 
the Santa Ana winds and landscapes that are becoming more 
flammable has become more intensive in recent decades, 
although they are a natural phenomenon. Inadequately 
regulated urban expansion, prolonged droughts, and elevated 
temperatures are the causes of this intensification. Utility 
companies explicitly link wildfire ignitions during wind events 
to their energy infrastructure, particularly above-ground power 
lines. Moreover, the crisis has been further exacerbated by 
inadequate utility modernization, delayed policy reforms, and 
limited investment in fire-resilient infrastructure. This study 
assesses the degree to which regulatory inertia and climate 
change interact to elevate the likelihood of wildfires by 
analyzing historical wildfire data, meteorological patterns, and 
the evolution of California's energy policies. In the face of 
escalating climatic extremes, the results underscore the urgent 
need for energy strategies that are forward-thinking and 
integrated and that prioritize environmental sustainability, 
conflagration prevention, and resilience. 
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I. INTRODUCTION  
Southern California was previously at risk for wildfires; 

however, the extraordinary intensity as well as scale of the 
2025 fire season brought attention to the relationship between 
climate behavior and energy policy [1]. The Santa Ana winds, 
which are naturally occurring katabatic winds, are essential to 
this crisis as they direct hot, dry air from inland deserts onto 
the coast, typically reaching their peak in autumnal periods 
[2]. Historically a part of the region's climate system, those 
winds now affect conditions characterized by heightened 
flammability due to extended drought, increasing 
temperatures, and human-induced alterations to the landscape 
[3]. Climate change has heightened the occurrence of extreme 
temperatures and modified precipitation patterns, establishing 
conditions conducive to ignition and swift fire propagation 
[4]. 

The aging energy infrastructure in wildland-urban 
interfaces worsens hazards associated with nature, as above-
ground power lines frequently serve as ignition sources during 
extreme wind activities [5]. Investigations on major fires in 

2025 indicate the fact utility-related sparks are actually the 
main triggers, reflecting prior incidents that included the 2018 
Camp Fire [6]. Energy regulations have failed to keep up with 
the latest scientific and technological guidelines for grid 
hardening and fire prevention, despite a few policy 
recommendations and investigative reports [7]. 
Modernization efforts, which involve the undergrounding of 
power lines and the establishment of predictive shutoff 
systems, have encountered challenges that are caused by 
political inertia, financial constraints, and differing 
governmental requirements [8]. 

Moreover, rapid, frequently unexpected population 
growth into high-risk fire regions has increased 
vulnerabilities, which are worsened by insufficient zoning 
regulations and reactive emergency planning frameworks [9]. 
The growing energy demands associated with population 
growth, coupled with the strain on aging systems and 
insufficient oversight, create a dangerous circular cycle of risk 
and reactions [10]. The 2025 firestorms emphasize the 
significance of integrated policy reforms that relate to energy 
infrastructure planning, adaptation to climate change, and 
wildfire mitigation approaches [11]. 

This study attempts to break down the correlation among 
extreme climate conditions and energy-related policy 
difficulties in the state of California through a quantitative-
methods approach that analyzes meteorological information, 
ancient fire statistics, and policy shifts over the past two 
decades. At last, it defends a reconsideration of energy 
adaptability as an essential component of adapting to climate 
change and wildfire risk prevention in today's world. 

II. METHODS 
The research of “Case Study on Energy Strategy 

Concerning Santa Ana Wind Activity Triggering Fires in 
Southern California” will be carried out with the following 
data. 

A. Historical Data 
An analysis of the Santa Ana wind profile will be 

performed using historical data, taking into consideration the 
wind speed, direction of the breeze, temperature, and humidity 
as measured by meteorological stations. 

B. Correlation and Regression 
Correlation and regression methods based on 

meteorological data are used to link the Santa Ana wind events 
to the fire outbreaks that occurred in southern California. 
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C. Energy Infrastructure and Policy Analysis 
Utilized to assess anthropogenic factors, whether the 

failure of the aboveground electricity network contributed to 
the fire that occurred due to a short circuit that produced 
sparks. 

III. RESULTS AND DISCUSSION 

A. Santa Ana Wind Profile  
Southern California has a complex topography that makes 

it challenging for meteorological stations to measure the 
distribution of wind speed, wind direction, temperature, and 
humidity. To obtain an average Santa Ana wind profile, a total 
of 30 weather stations are required. The results of 
measurements by meteorological stations show wind speed 
data obtained from wind changes on days with and without 
Santa Ana winds, as well as on days with and without fires. 
Wind speed measurements on days without Santa Ana winds 
were weaker, both during and after fires (2.30 m/s and 2.38 
m/s), although wind speeds on Santa Ana days with large fires 
(mean wind speed = 5.19 m/s) were much higher than on Santa 
Ana days without large fires (3.96 m/s) [12]. The speed of the 
Santa Ana wind moving from high-pressure areas to low-
pressure areas is able to dry vegetation and create ideal 
conditions for fires, so that the area of fire will increase as long 
as there are still trees in the vegetation. The results of 
measuring the distribution of the direction of the Santa Ana 
wind flow by the meteorological station are shown in Table 1 
below. 

From the profile seen in the table, the Santa Ana wind 
speed seems normal and does not trigger the spread of fires. 
However, in some areas, Santa Ana gusts can reach speeds of 
60–70 mph. The wind flow coming down from the mountains 
can be compressed at that speed. Because it comes from the 
desert, very dry wind gusts to relative humidity below 10%, 
compressed, can easily raise the temperature of the wind to 
warm, thus triggering the spread of fire areas in southern 
California. 
Table 1. Average wind speed and direction observed at 30 meteorological 

stations in Southern California from 1996 to 2010 [12] 

 Wind speed 
(m/s) 

Wind 
direction 

(o) 
Santa Ana-Large fire 5.19 38.51 
Santa Ana-No large fire 3.96 33.54 
No Santa Ana-Large fire 2.30 234.21 
No Santa Ana-No large fire 2.38 236.94 

 

B. Correlation and Regression of Santa Ana Winds As a 
Cause of Fires in Southern California 
The relationship between Santa Ana winds and wildfires 

in Southern California has been studied extensively, with 
studies showing a significant correlation and causal 
relationship between the winds and increased fire activity 
affecting a large area of up to 23,000 ha [13]. Studies 
conducted from 2001 to 2009 found that wildfires during 
Santa Ana winds were 3.5 to 4.5 times larger than fires on non-

Santa Ana days. Wildfires are likely to occur in the fall when 
vegetation dries out and becomes highly flammable. Very low 
humidity and high peak wind speeds can also increase the 
potential for fires. Climate change, resulting from rising 
global temperatures, may increase the likelihood and intensity 
of conditions that lead to wildfires in Southern California 

 
Figure 1. Location of meteorological stations as a reference for measuring 

average wind speed and wind flow direction [12] 

C. Energy Infrastucture and Policy Analysis 
An analysis of infrastructure and energy policy in 

Southern California has the potential to spark a fire that could 
impact a vast area. Power lines located above ground that are 
broken have been identified as a potential cause of major fires 
[14]. These power lines are more vulnerable to weather and 
falling trees. High wind speeds are a challenge for cable 
support poles, and the weight of the cables themselves causes 
short circuits. Public supervision seeks to place cable 
installations as electrical energy distribution underground to 
anticipate short circuits that can easily burn anything that is 
dry and flammable [15]. Undergrounding is much safer but 
also expensive, causing utilities to delay and avoid these 
investments. On the other hand, utilities are slow to act 
preventively during high-risk conditions. Local governments 
often oppose undergrounding or large-scale utility changes 
for aesthetic or economic reasons, thus inhibiting safer 
infrastructure improvements. 

IV. CONCLUSION 
Extreme climate change has recorded repeated disaster 

events, especially in the state of California. The region has 
experienced extensive and repeated forest fires, even dubbed 
the deadliest wildfires that occurred in January 2025, which 
scorched thousands of acres and displaced over 100,000 
people. 

Failure of electrical infrastructure and energy policies are 
the main actors considered to be the triggers of the fires. The 
existence of the Santa Ana wind phenomenon is also 
considered to have contributed to enlarging and expanding the 
fires. Energy policy plays a crucial role in regulating the 
electricity network, preventing disaster risks, and maintaining 
environmental safety from accidental disasters. 
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